P-selectin is a cellular adhesion molecule that may be involved in the development of atherosclerosis and its complications. We have previously identified thirteen polymorphisms of the P-selectin gene among which five were located in the coding region of the gene (S290N, N562D, V599L, T715P, T741T (A/G)). These polymorphisms were tested individually for association with myocardial infarction (MI) and only the T715P polymorphism was shown to be associated with MI. We here extend this work by performing a haplotype analysis which enables us to assess the consequences on the phenotype of the co-presence of several variants on the same chromosome. For this purpose, a new maximum likelihood method was developed for estimating simultaneously haplotype frequencies and haplotype-phenotype effects. While haplotypes defined by the polymorphisms located in the promoter region of the gene were unrelated to MI, those defined by the polymorphisms in the coding region were globally associated with MI in a sample of 582 cases and 630 controls from the Etude Cas-Témoin sur l'Infarctus du Myocarde. Detailed haplotype analysis confirmed the protective effect of the P715 allele but additionally revealed that the presence of two asparagine codons at sites S290N and N562D was associated with a higher risk of MI, consistenly in France and Northern Ireland, but only when they were carried by the same haplotype. This finding illustrates the complexity of the relationship between gene variability and disease and the necessity to explore in detail the polymorphisms of candidate genes.
INTRODUCTION
P-selectin is a cellular adhesion molecule belonging to the lectin family which is mainly expressed by platelets and endothelial cells and plays a major role in the initial phases of leucocytes adhesion to the endothelium and in the interaction between leukocytes and platelets (1) . This protein is involved in the recruitment of leukocytes on the activated vessel wall during inflammation and is suspected to play an important role in the early stages of atherosclerosis and in its complications. Studies in atherosclerotic prone ApoE À/À mice have shown that inactivation of the P-selectin gene was associated with a markedly reduced atherosclerotic plaque area and monocyte recruitment to sites of neointima formation after carotid artery injury (2) . In addition, elevated levels of circulating P-selectin have been observed in patients affected with various cardiovascular disorders including coronary artery disease (3) (4) (5) . The putative contribution of the leucocyte-endothelium adhesion cascade to atherosclerosis in humans would be greatly reinforced if genetic variants of components of this system demonstrated an association with clinical complication of atherosclerosis.
We recently performed a molecular screening of the P-selectin gene which led to the identification of several polymorphisms (6) . Among them, four were non-synonymous and one (T715P) was associated with myocardial infarction (MI) in the ECTIM Study (Etude Cas-Témoin sur l'Infarctus du Myocarde), a casecontrol study of myocardial infarction conducted in Northern Ireland (Belfast) and France (6) . The results were obtained using the genotypic information at each site. This approach is not fully efficient because it does not use the whole genotypic information available within a gene. Testing associations with several polymorphisms simultaneously, by regression analysis for example, may reveal genetic influences that are undetectable by univariate analysis (7) . However, except in simple situations, this strategy is unable to account for linkage disequilibrium (LD) among the polymorphisms and cannot estimate the consequence on the phenotype of the co-presence of several *To whom correspondence should be addressed: Tel: 33 1 40 77 96 93; Fax: 33 1 40 77 97 28; Email: tregouet@idf.inserm.fr variants on the same chromosome (a haplotype). As haplotypes may have a particular significance with regard to functionality or as markers for unknown functional variants, it appears more and more evident that, in order to better characterize the role of a candidate gene, the full haplotypic information should be exploited (8, 9) .
In the absence of family data, haplotypes are not readily deducible from genotypes, except for individuals who are homozygous or heterozygous at only one site. Molecular determination of haplotypes is sometimes possible but faces many limitations. For example, PCR-based techniques can only be used for molecular haplotyping of polymorphisms located in relatively close proximity ($3 kb). Alternative approaches have been developped (10, 11) , however, they are time-consuming, expensive, require access to live cells and are therefore not applicable to large studies. To circumvent the difficulty of molecular haplotyping, several methods based on statistical inference (12) (13) (14) (15) (16) have been proposed to estimate haplotype frequencies from genotypic data. These techniques are generally used for comparison of haplotypes frequencies between groups (e.g. cases and controls) and they provide a global test of significance for the comparison of all haplotypes simultaneously. If a difference is observed, no haplotypedisease association parameters are estimated, this precludes the identification of the responsible haplotype(s), and does not allow specific hypotheses such as interaction between two or more loci to be tested. Moreover including covariates and testing for haplotype Â covariate interactions, which are a common requisite when dealing with complex diseases, is not possible by these techniques.
We present here a new strategy for investigating haplotypephenotype associations. The maximum likelihood (ML) method of inference that we have developed is quite general, it circumvents all limitations mentioned above and can be applied to qualitatitive and quantitative traits as well. The new method has been used for a reanalysis of the P-selectin gene polymorphisms and its reliability checked by comparing its results to those derived from direct molecular haplotyping.
RESULTS
Allele frequencies and pairwise linkage disequilibrium of the P-selectin gene polymorphisms Allele frequencies of the nine studied polymorphisms are reported in Table 1 for cases and controls, separately in Belfast and in France. All genotype distributions were compatible with Hardy-Weinberg equilibrium in both populations. Among the nine polymorphisms, only T715P exhibited a significant difference in allele frequency between Belfast and France (P < 0.002), the P715 allele being less frequent in France than in Belfast. This polymorphism was also significantly associated with myocardial infarction (MI). The P715 allele was less frequent in cases than in controls, in Belfast (0.10 versus 0.17; P ¼ 0.015) and in France (0.08 versus 0.10; P ¼ 0.059), (P ¼ 0.003 on pooled samples stratified by country). The pairwise LD matrix shows that two main blocks of LD are present within the P-selectin gene (Fig. 1) . The 5 0 block, includes the promoter polymorphisms and the S290N polymorphism, whereas the 3 0 block includes all the other coding polymorphisms. The two blocks were in weak LD with each other. For example, the pairwise LD between the CÀ2123G and S290N polymorphisms was À0.95, that between S290N and N562D was 0.037 and that between N562D and T715P was À1. As a result of this LD pattern, haplotype analysis was performed in each block separately. However, the S290N polymorphism was also included in the 3 0 block because its co-occurrence on the same chromosome with other nonsynonymous polymorphisms may be functionally significant.
Associations of P-selectin gene haplotypes with myocardial infarction
Detailed results of the haplotype analysis of the 3 0 block are given in Table 2 . As a consequence of the strong LD between the N562D, V599L and T715P polymorphisms, only four haplotypes, -NVT-, -NVP-, -NLT-and -DVT-were inferred using these three polymorphisms. These four haplotypes were associated with both the S and N codons at the S290N locus, suggesting that recombination occurred between the S290N and the N562D polymorphisms. The G allele of the T741T polymorphism was present only on two of these haplotypes, -NVT-and -NLT-, leading to the final estimation of 10 haplotypes with a frequency !1%. These haplotypes accounted for 99.7% of all haplotypes in Belfast and 98.6% in France. Haplotype frequencies ranged from $0.01 to $0.39 and their distributions were significantly different between Belfast and France (P < 10 À4 ). In particular, the SNVPA haplotype was more frequent in Belfast than in France both in cases and in controls, (0.13 versus 0.08; P < 10 À4 ). Figure 1 . Pairwise linkage disequilibrium between the nine studied polymorphisms of the P-selectin gene in the pooled samples (n ¼ 1212). Using the inference method, it is also possible to investigate the effect of each polymorphism on different haplotypic background. The odds ratio for MI associated with each nonsynonymous polymorphism was estimated according to the haplotypic background conferred by the other non-synonymous polymorphisms. For ease of presentation, results are reported here on the pooled samples after adjusting for population since estimates were quite similar in both populations. The N562 and D562 alleles being present on both the S-VT and N-VT haplotypes, the effect of the N562D polymorphism could be tested on these two different haplotypic backgrounds. When carried by the S-VT haplotype, the D562 allele was associated with an OR of 1.04 (P ¼ 0.70) while, when carried by the N-VT haplotype, the OR was 0.37 (P ¼ 0.0007). The test of homogeneity of these two ORs was significant (w 2 ¼ 9.24 with 1 d.f.; P ¼ 0.002). Since the S-VT and N-VT haplotypic backgrounds differ by the codon at position 290, this result suggests an interaction between the amino acids present at positions 290 and 562 of the P-selectin protein on the risk of MI or alternatively that these two polymorphisms define a haplotype that is in tight LD with an unknown functional variant. Similar analyses were performed for the three other non-synonymous polymorphisms (Fig. 2) . The OR for MI associated with the N290 allele differed significantly according to haplotypic background (w 2 ¼ 9.26 with 3 d.f.; P ¼ 0.026 for the test of homogeneity of the four ORs). In particular, the N290 allele was associated with an increased OR when it was carried by the -NVT haplotype (OR ¼ 1.92; w 2 ¼ 7.87 with 1 d.f.; P ¼ 0.005) while it was associated with a reduced OR when it was carried by the -DVT haplotype (OR ¼ 0.68; w 2 ¼ 3.63 with 1 d.f.; P ¼ 0.057). This is the symmetric way of looking at the interaction between the D562 and N290 alleles mentioned above.
We performed further analyses to evaluate whether the hypothesis of additivity on a logistic scale of the main haplotype effects was compatible with the data. No significant deviation from additivity was observed. In other words, the data are compatible with the combined effect of two haplotypes (a genotype) on the risk of MI being multiplicative. One should be aware however that the power of such a test is quite low. A similar haplotype analysis was performed on the polymorphisms of the 5 0 block. The results of this analysis demonstrated no haplotypic association of these polymorphisms with MI so are not reported here but are available online (http://genecanvas.idf.inserm.fr/).
Checking the reliability of the statistical inference by molecular haplotyping of the non-synonymous polymorphisms of the P-selectin gene In order to check the reliability of the results provided by the inference ML method for the four non-synonymous polymorphisms, molecular haplotyping of the P-selectin gene was realized. Amongst the 1212 studied individuals, 288 were heterozygous for at least two of the three loci N562D, V599L and T715P and were therefore selected for molecular haplotyping. Only 222 (success rate ¼ 77%) individuals were successfully haplotyped. For the 66 remaining individuals, ambiguity could not be resolved because of lack of DNA or unsuccessful assay. The S290N polymorphism was too distant from the three others to allow molecular haplotyping. However, considering that the molecular haplotypes of the N562D, V599L and T715P polymorphisms defined a multiallelic marker, haplotypes combining this marker with the S290N polymorphism could be deduced unambiguously for all individuals who were either homozygous at both sites or heterozygous at one site only. Finally, complete haplotypic information at the four non-synonymous polymorphisms deduced either from genotypic data or from molecular haplotyping was available for 937 ($77%) of the 1212 initial individuals. Haplotype frequencies and haplotypic ORs estimated in this 'haplotyped sample' were almost identical to those estimated by the ML inference method (Table 3) .
DISCUSSION
The raw association between a polymorphism and a phenotype incorporates not only the potential effect of the polymorphism itself but also the potential effect of all polymorphisms which are in LD with it. The haplotype-based strategy proposed here provides a powerful tool to differentiate haplotype from single polymorphism effects and to test whether the effect of a polymorphism depends on the haplotypic background by which it is carried. Compared to a traditional approach based on genotypes such as that used in our former work on the CETP gene polymorphisms (7), it constitutes an important step towards a better characterization of the relationship between the variability of a gene and a phenotype. With regard to P-selectin gene polymorphisms and MI this analysis was able to detect specific associations that were undetectable by classical analysis or by a global comparison of haplotype frequencies between cases and controls.
Thirteen polymorphisms of the P-selectin gene had been identified previously by our group and tested individually for association with MI in the ECTIM study (6) . Due to some redundancy or very low allele frequency, only nine of these polymorphisms were incorporated in the present haplotype analysis. Other polymorphisms of the P-selectin gene not identified by our screening have been reported (17) , including four non-synonymous variants (V168M, P260L, M324V and S459F) with allele frequencies lower than 5%. We tested these polymorphisms in a sample of 190 chromosomes from individuals of European origin but failed to identify any carrier of the L260, V324 and F459 variants. Due to the multi-ethnic origin of the DNA samples used in the study reporting these polymorphisms (17) , it cannot be ruled out that these three variants are absent or very rare in populations of European descent. The V168M polymorphism on the contrary was From the pairwise LD matrix of the P-selectin gene polymorphisms, it was apparent that there were two main blocks of LD within the P-selectin gene. LD being strong within blocks and weak between blocks, haplotype analysis within blocks instead of over the whole gene reduced considerably the number of potential haplotypes and generated more interpretable results. Haplotype frequencies in the 5 0 block were homogeneous between cases and controls and none of the 5 0 polymorphisms was significantly associated with MI whatever its haplotypic background (data not shown). The S290N polymorphism was also considered in the haplotype analysis of the 3 0 block because it could affect the function of the P-selectin protein in specific ways depending on the particular combination of amino acids. The SNVP haplotype, which was the only frequent haplotype carrying the P715 variant, was more frequent in Belfast (0.134) than in the French population (0.080) and appeared to be protective in both countries. Independently of this association, the results show a consistent interaction between the S290N and N562D polymorphisms suggesting that the simultaneous presence of the N290 and N562 amino acids on the -VT haplotypic background may alter the function of the P-selectin protein and result in an increased risk of MI. It is important to point out why our previous univariate analyses failed to identify these associations. Any raw allelic OR associated with a given allele is actually a weighted combination of all corresponding ORs that can be estimated on specific haplotypic backgrounds, the weights depending on the haplotype frequencies. For example, the raw allelic OR associated with the D562 allele is a weighted combination of the ORs associated with the D562 allele when it is on the S-VT haplotype (OR ¼ 1.04) or on the -NVThaplotype (OR ¼ 0.37). This combination yields a raw allelic OR of 0.86 (OR ¼ 0.86 [0.72-1.04], w 2 ¼ 2.41; P ¼ 0.12), explaining the lack of marginal association with the N562D polymorphism. Incidentally, we note that if a polymorphism exhibits different degrees of association with a phenotype according to its haplotypic background this may lead to inconsistent marginal associations in populations where the frequencies of the background haplotypes differ.
The S290N and N562D polymorphisms are both located within the consensus repeat domain of the P-selectin protein. This domain has been shown to be of particular importance for the binding of P-selectin to its ligand on leukocytes (18, 19) . It may therefore be hypothesized that the presence of an asparagine at positions 290 and 562 of P-selectin results in a protein that is more efficient to recruit leukocytes to the endothelium. In vitro functional investigations are currently under way to test this hypothesis. If this hypothesis was validated, it would imply an important contribution of the endothelial cell-leukocyte interaction mechanism in coronary heart disease.
Unlike most available techniques, the new ML method proposed here can deal with both quantitative and binary phenotypes and may incorporate covariates or interaction terms; in addition, it can express any haplotype-phenotype association in terms of association parameters that can then be used for hypothesis testing. Coincidentally, a similar approach based on score tests was proposed at a similar time by other authors (20) . Instead of maximizing the full likelihood of the data as we have done here, these authors used a procedure based on a score statistic, which is asymptotically equivalent to the likelihood-ratio test statistic (20) . According to the authors, this method has the advantage of being less computationally intensive than ML procedures. However, it seems less flexible than our ML method to test complex hypotheses such as interactions among polymorphisms carried by a given haplotype, or interactions between haplotypes and environmental covariates. Also, probably for easiness of computation, the proposed score-based method assumed independence between haplotypes and environmental factors and it is not known how the release of this condition would affect the computational procedure.
As with the score-based method (20) , results obtained by our ML method on rare haplotypes should be interpreted with caution since in that case haplotype frequencies may be inaccurately estimated (21) and the asymptotic properties of the ML method may not be valid. In that case, empirical P-values obtained from permutation tests or simulations may be preferred. Simulation studies are under way to investigate in detail the statistical properties of our method, both in terms of power and type I error and to compare it with other techniques. However, it should be noted that the conclusions drawn from the present analysis mainly involved relatively common haplotypes, for which asymptotic properties of ML theory should hold.
To our knowledge, the performance of ML methods for estimating haplotype frequencies have mainly been investigated on simulated data (15, 16, 22) . In the present paper, the main results provided by our inference ML model were compared to those derived from the observed haplotypes characterized by molecular haplotyping. The results of both analyses were very close, indicating that in the sample where haplotype frequencies could be directly evaluated, the statistical inference was quite satisfactory. Note, however, that the proportion of individuals for whom haplotypes could not be deduced from genotypes and who, consequently, contributed to the differences between the two methods, represented only 24% (222/937) of the 'haplotyped sample'.
With regard to multiple testing, a conservative approach migth be to follow the conventional statistical strategy which consists of performing a global test of association and only if it is significant, to investigate further individual associations. In the case of P-selectin the global statistical test was significant in both sub-studies conducted in France and Northern Ireland, which was a justification for the more in-depth analysis performed later. However, in general, given the large number of possible haplotypes the global test will have a very low power and significant haplotypic effects may be missed. It is therefore very important before any application of the estimation method to reduce the size and complexity of the data set by discarding redundant polymorphisms, defining blocks of LD that will be investigated independently and possibly also focusing on polymorphisms that may be a priori more biologically significant.
The haplotypic strategy incorporates the complex interactions that may exist among polymorphisms in a genomic region with high LD. This may lead to a considerable reduction in the number of statistical tests to be performed when several polymorphisms are investigated, since the number of haplotypes is, in general, much smaller than the number of terms involving all possible interactions between genotypes. Contrary to a frequent assumption, haplotype analysis, for this reason, does not inflate the number of statistical tests in association studies, but reduces it. This is well illustrated on a global genomic scale by a recent characterization of blocks of LD on human chromosome 21 and derivation of the minimum number of polymorphisms that would be needed for a complete exploration of the chromosome (23) .
In conclusion, these results show that an analytical strategy focusing on haplotypes is able to identify potentially relevant genetic effects that are undetected by a genotyped-based analysis. By applying this strategy to the P-selectin gene polymorphisms, it was possible to detect a consistent involvement of the S290N and N562D polymorphisms in MI predisposition both in the French and the Northern Irish populations participating in the ECTIM study. According to their combination on the same P-selectin molecule, the amino acids at these two sites are associated with different risks of MI. These findings illustrate the complexity of the relationship between gene variability and disease and the necessity to explore in details the global polymorphism of candidate genes. For the particular case of P-selectin, our results indicate that at least three polymorphisms (S290N, N562D and T715P) should be genotyped in any study investigating the role of this gene in disease etiology.
MATERIAL AND METHODS

Study population
The study population was the same as that used in our previous analysis of the P-selectin gene polymorphisms (6) . Patients aged 25-64 years with MI were recruited between 1989 and 1991 from four World Health Organization Monitoring in Cardiovascular Diseases (MONICA) registers in Northern Ireland (Belfast) and in France (Lille, Strasbourg and Toulouse). Age-matched controls were randomly sampled from the populations covered by the MONICA registers. Informed consent was obtained from all subjects. For the present analysis, controls with coronary heart disease were excluded, leading to a study sample composed of 582 cases and 630 controls for whom full genotypic information was available. The Belfast sample included 176 cases and 166 controls and the French sample 406 cases and 464 controls.
Genotyping
Genotyping of all subjects was performed using allelespecific oligonucleotides (ASOs) (24) . All informations for genotyping polymorphisms (PCR primers, probes, conditions of amplification and hybridation) can be found on our internet site (http://genecanvas.idf.inserm.fr). Note that a reexamination of the initial genotyping results revealed that allele frequencies of the L599V polymorphism had been interchanged and that the most frequent allele encodes the valine at this position as reported in public databases. This polymorphism should therefore be read as V599L.
Allele frequencies and pairwise linkage disequilibrium
Thirteen polymorphisms had been identified in our previous molecular screening of the P-selectin gene (6) but only nine were included in the present analysis. Five polymorphisms were located in the 5 0 region of the gene (C 7 2123G, A 7 1969G, T 7 1817C, C 7 1576G, and À485I/D) and eight in the exonic regions (P98P, S290N, C557C, N562D, N563N , V599L, T715P and T741T). Due to their very low allele frequency (<1%), the C 7 1576G and the P98P polymorphisms were not included in the haplotype analysis. In addition, since the C557C and the N563N polymorphisms were completely concordant with the V599L polymorphism, they were excluded from the analysis.
Allele frequencies were estimated by gene-counting and departure from Hardy-Weinberg equilibrium was tested using a w 2 with 1 d.f. Allele frequencies were compared between cases and controls by a w 2 test. Pairwise LD was estimated by a log-linear model (25) and the extent of disequilibrium was expressed in terms of D 0 which is the ratio of the unstandardized coefficient to its maximal/minimal value (26) .
Haplotype-disease model
The statistical model used in the present analysis is an extension to haplotypes of the standard logistic model used for testing a marker-disease association (27) . In the case of a diallelic marker A/a, the genotype of an individual can be coded as a set of two indicator variables associated with the genotypes Aa and aa, the genotype AA being taken as the reference. In a logistic model, the exponential of the regression coefficient associated with each genotype represents the genotypic OR for disease associated with this genotype by comparison to the reference genotype. Under a multiplicative model (i.e. an additive model on the logistic scale), the set of two indicator variables reduces to only one variable coded 0, 1 and 2 for AA, Aa and aa genotypes, respectively. In such a model, the exponential of the regression coefficient associated with the genotype variable represents the allelic OR for disease associated with allele a by comparison to allele A. This particular model implicitly assumes that the OR associated with a given genotype is the product of the allelic ORs associated with each allele making up the genotype. Extension of this model to haplotypes is not straightforward since haplotypes, unlike alleles, are not directly observed. Therefore, we developed a ML method based on genotypic data that combines estimation of haplotype frequencies and of their effects.
Let Y i denotes individual i's binary phenotype and G i be its genotypic vector at the different loci. The likelihood of individual i can be decomposed as P(
where c is the number of possible haplotypic pairs H j ¼ (h j1 ,h j2 ) and where P(G i /H j ) ¼ 1 if G i is compatible with H j , 0 otherwise (14) . The first term is modeled using a logistic formulation assuming an additive model on a logistic scale. This is equivalent to:
À1 where e bj1 is the OR for disease associated with haplotype h j1 by comparison to a reference haplotype. The reference haplotype was chosen here as the haplotype combining the most frequent allele at each site. In this model, the OR associated with a given pair of haplotypes is the product of the corresponding haplotypic ORs. However, the hypothesis of multiplicativity of haplotype effects can be tested by including specific interaction terms in the logistic model. Incorporating additional covariates into this logistic model is straightforward and allows one to adjust for environmental factors and to test for haplotype Â environment interactions. The last term of the sum is a function of haplotype frequencies under the assumption of random mating. The likelihood of the sample is therefore the product of the P(Y i ,G i ) over all individuals. We developed a program for the inference ML method and linked it to the GEMINI maximization procedure (28) as we have successfully done for other genetic programs (29, 30) .
Note concerning quantitative haplotype-phenotype association analysis
The model described above is general enough to also accommodate quantitative traits. In that case, P(Y i /H j ¼ (h j1 , h j2 )) is modelled assuming a normal distribution for the trait, leading to E(
Scheme of haplotype analysis
Haplotype analysis was carried out using a two-step procedure. A model in which all bs were fixed to zero was fitted first, leading to the estimation of haplotype frequencies and the intercept a. All haplotypes whose frequencies were estimated to be non zero at the first stage were then included in the model at the second step and the corresponding b coefficients were estimated. A test for a global haplotypic effect on the phenotype can then be obtained by comparing the likelihood of the model with all bs fixed to 0 to that obtained when bs were estimated. From this model, it is also possible to test specific hypotheses concerning haplotypic effects by setting appropriate constraints on regression parameters. For example, investigating the heterogeneity of the effect of the N562D polymorphism according to two different haplotypic backgrounds, say -SVT and -NVT, was done by testing b SNVT 7 b SDVT ¼ b NNVT 7 b NDVT . All hypotheses were tested by means of the likelihood-ratio criterion.
Molecular haplotyping
Molecular haplotyping was performed to check the validity of the results obtained by the statistical estimation analysis of the polymorphisms located in the 3 0 block. Due to the proximity of the N562D, V599L and T715P polymorphisms, molecular haplotyping using a PCR-based method was feasible for these three sites. 20 bp oligonucleotides whose 3 0 last nucleotide was overlapping the polymorphic site were designed as primers, in both allelic forms. Experimental set up of the optimal conditions was carried out on a limited numbers of DNA samples of known haplotypes including homozygotes and single heterozygotes for each locus. All three pairs of two variants (562$599, 599$715 and 562$715) were studied. For the haplotyping of two given polymorphisms, all four primer pairs were envisaged. However, among these four combinations, the less frequent one could not always be validated as very few individuals, if any, could theoretically carry this haplotype. In addition, among all the remaining combinations, one failed to give a completely specific signal. Finally, optimal specific amplifications could be performed for eight primer pairs. These were sufficient to determine the haplotype combination unambiguously for the three polymorphisms under study, due to the redundancy of the information generated by each couple of variants. Detailed description (primers list, PCR conditions, etc.) of the molecular haplotyping can be found on our internet site (http:// genecanvas.idf.inserm.fr/). Complete haplotypic information at the four non-synonymous polymorphisms, either deduced unambiguously from genotypic data or directly derived from molecular haplotyping, was available for 937 ($77%) amongst the 1212 initial individuals. In this sample referred to as 'haplotyped sample', we applied our ML method to the analysis of P-selectin gene polymorphisms in relation to MI as if haplotypes had not been observed, i.e. by using genotypic data only and the results were compared to those provided by a standard logistic regression analysis using the observed haplotypes.
